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@ Aqueous plgm8nt(S)d Inks tor InCs JeQ ps-lntors. 

1 • 

BIS) ® A pigmented ink for ink jet printors which comprisoe on aquoous carrier modium, pignnont parliclos 

^ dispersed in an AB or BAB block copolymer having a hydrophilic segment and a segment thai links to the 

^ pigment, and an effective amoitfit of a surfactant suffk:ient to decrease the drying time of the ink. The A block 

@§) and the B block(s) have molecular weights of at least 300. These Inks give Images having good print quality. 

^ vyater and smear resistance, lightfastness. and storage stability. 
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lEP 0 516 325 A1 

RELD OF THE INVENTION 

This tnvontion rolatos to aqueous pigmented inks for ink jet printers, and, moro particularly, to aqueous 
pigmented tfike wherein the pigment dispsreani is an acrylic block polymer. 

s 

BACKGROUND OF THE INVENTION 

Ink let printing is a non-impact method tor recording information in response to an electronic signal, 
such as that generated by a computer. In the printer the electronk: signal produces droplets of ink that are 
10 deposited on a substrate such as paper. Ink jet printers have found .broad commercial acceptance due to 
their rapkl printing speeds, relatively quiet operation, graphic capability and low cost. 

The printed image produced by an ink jet printer, as in most printing processes, consists of discrete 
dots. Wltile satisfactory tor many ciippficatlons. conveirtconai dye based inks are not well suhed for recording 
high quality images since the dye tends to wic£( in the paper fibers, causing the dots to have a feathered 

19 edge. Thus, the dots do not have the sharp boundaries heeded to produce a high resolution image unless 
special paper is used. Also, the dyes tend to smear after the printing operatfon due to their high water 
solubility. 

Limitations of dye based inks are particularly apparent when it is desired to record a high quality, multi- 
colored image. Color selection is limited In that many of the readily available dyes lack color fastness (i.e., 

20 the dye tends to tade upon ewposure to ultravioCst light) or do not have enough solubility to give the desired 
chroma. Mnmover, the tendency of the printed dots to wick, or bleed together, is an aggravated problern 
because the printing of a high quality image depends on the fomiation of small, sharply defined dots of 
each printing color. While some of the problems associated with dye based inks may be overcome or 
alleviated to some extent by using spocial substrates, such as coatod papor, thero is a nsed for improved 

25 inks for ink fot printing. 

Water-based pigment dispersions are v^ell known In the art. and have t>een used commercially tor 
applying films, such as paints, to various substrates. The pigment dispersion is generally stabilized t>y 
either a rtonHonic or tonic technique. When using the rton-ionk: technque. the pigment particles are 
stabilized by a polymer thai has a water-soluble, hydrophilfo section that extends into the water and 

00 provides entropic or steric stabilizatton. Reprosontotivo polymers usofol for this purpose include polyvinyl 
atoohol, oellulostcs. ethylene oxide modified phenols, and ettiylene oxkJe/propylene oxide polymers. Whito 
the . nonnonic technque is not sensitive to pH changes or ionic contamination, rt has a major disadvantage 
tor many appllcattons In that tJie final product Is water sensitive. Thus, If used In Ink appjlcaHons or the like, 
ihe pigment will tend to smear upon ei^posure to moisture. 

35 in the ionic technique, the pigment parliclas are stabilised by a polymer of an ion containing monomer, 
such as neutralized acrylic, maleic. or vinyl sulfonic acid. Iho polymer provides stabilization through a 
charged doublo layer mechanism whoroby tonk: repulsion hinders tho partfolos from fftocculating. Since the 
neutralizing component tends to evaporate after application, the polymer then has reduced water solubility 
and tho final product is not water ser^itive. 

<J0 U.S. Patent 4,597,784 to Canon proposes an aqueous Ink dispersion for Ink Jet printers to which 
pigmenl is contained in a pofymsr having ionic hydrophilic s^ments and aromalk: hydrophobic segments 
that adhere to the ptgmsrrt surface. While the random polymer dispersants proposed fharein offer improved 
stability for the dispersed pigment further improvements are desired to meet tlie demanding needs of 
commercial ink iet printers. 

SUMMARY OF THE INVENTION 

The present tovention provtoes a pigmented aqueous ink particularfy adapted to meat the demanding 
requirements of ink jet printers, the ink comprising an aqueous carrier medium and particles of pigment 
50 stabilized by an AD or BAD btock copolymer vvherein: 

(a) the A segment is a hydrophobk: homopolymer or copolymer ef en ecrylic monomer having the 
formula 

CH2=C(«)(Y) 

5S 

wharein K is H or Cl^; and Y is C(0)ORi. C(0)NR9R3. or CN. wherein Ri is an alkyl. aryl. or aJkylaryl 
group having 1 to 20 carbon atoms, and and Ra are hydrogen or an alkyl. aryl, or alkyteryl group 
having 1 to 8 carbon atoms; said A sogmont having an average molocular might of at toast 
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^proximately 300 and being water insoluble: and 
(b) the B segment is a hydrophilic polymer, or salt thereof, of 
{1 ) an acrylic monomer having Iho formula 

5 CH£»C(X)(Y^). 

wherebi X is H or CHa; aiid is C<0)OH. C(0)NR2R3. C(0)OR4NR2R3 or C(O)0R5: whBrwn R2 and 
Ra are hydrogen or an alkyl. a^Y^. or aikytaryl group having 1 to 9 carbon atoms; R4 is an alkyi 
diradtcal having 1 to 5 cartx>n atoms; and is an aikyi diradtcal having 1 to 20 carbon atoms and 
10 optionally containing one or nH>re hydroKyI or ether groups; or 

(2) a copolymer ot the acrylic monomer of (1) with an acrylic ntonomer having the formula 

CH2=CPQ(Y) 

13 where X and Y are the substituent groups defined for said A segment: 

said B segment having an average molecular weight of at least approximately 300 and being water 
soluble. 

Preferred A segments are polymers and copolymers rr\ethyl methacryiate, butyl methacrylate, or 2- 
ethyihsxyl methacrylate. Polymers or copolymers of methacrylic acid or dialkylaminoethyl methacrylate. 
20 where alCcyl Is methyl through butyl, are preferred as the B segments. The 8 btock will comprise 10 to 80%. 
praferaUy 25 to 65%, by weight of the entire polymer. TTie pigmented inks generally will contain 
^proximately 0.1 to 10% pigment, by weight, but may contain higher amounts, such as 30%. depending 
on the selected pigment and block polymer, and the ink jet printer. 

The inks are oxtromoly stable, havo low viscosity, exhibit OMcellont print quality, havo long crusting time, 
26 and provide excellent smear resistance after drying. They may ba used with a variety ol ink jet printers, and 
are partteularly adapted for use In thermal Ink Jet printers. 

DETAILED DESCRIPTION OF THE INVENTION 

90 The present invention provides inks having a combination of proportos particularty suited for uso in ink 
jet printers in general, and thermal ink jet printers in particular. The inks are aqueous di^)erslons of pigment 
particles, stal>ili2ed by potymers. that are stable over long periods, both in storage and rn the printer. The 
Inks may be adapted to the requirements of a particular Ink Jet printer to provide a balance of Ught stability, 
smaar resistance, viscosity, surface tension, high optical density, and crust resistance. Resulting printed 

36 images are of high quality in that the individual dots are round with sharp edges, and there is tittle bleeding, 
fe^hering. or strike through. 

ACRYLIC BLOCK COPOLYMER 

40 The polymer Is an AB or BAB block copolymer wherein the A btock Is hydrophobic and serves to link 
with lha ptgmenl. and the B block is hydrophiltc and serves to disparsa Iho ptgmenl in II10 .aqueous 
medium. Selection of the pdymer tor a specific application will depend on the selected ptgmeht and 
aqueous medium. In general, the polymer is an AB or BAB block copolymer wherein 

(a) the A segment is a hydrophobic homopolymer or copolymer of an acrytk: monomer having the 
46 formula 

CH2=C(X)<Y) 

wherein X is H or CHj; and Y is C(0>ORi. C<0)NR?Ra. or ON, wherein Ri is an aJkyl. aryl. or alkylaryl 
so group having 1 to 20 cart>on atoms, and H2 and Ra are hydrogen or an alkyl. aryl, or alkylaryl group 
having 1 to 9 carbon atoms; said A segment having an average molecular weight of at least 
approximately 300 and being water insoluble; and 

(b) tha B segment is a hydrophilic polymer, or salt thereof, of 
(I) an acrylic monomer having the formula 

59 

' CH2«C(X)(Y^>. 

wherein X Is H or CH3: and Y' is C(0)Oh! C(0)NR2R3, C(010R4NR2R3 or C{O)0R6; whorran Rz and 
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R» are hydroosn or an alkyi, aryl. or alkylaryl group having 1 to 9 carbon atoms: FU is an aJkyI 
diracfical having 1 to 5 cffibon atoms: end is an alkyi diredical having 1 to 20 cexbon atoms and 
optionally containing one or moro hydroKyl or ether groups; or 

(2) a copolymer of the acrylic monomer of (1) vn^h an acrylic monomer having the fomnula 



where K and Y are the substituent groups defined for the A segment; 
the B segment having an average molecular weight of at least approximately 300 and being water 
10 sohjble. 

The B block(s) generally will constitute 10 to 80%, preferably 25 to 65%, o1 the entire bloctc polymer by 
weight. 

The A block is a polymer or copolymer prepared from at least one acrylic monomer having the formula 
set forth aliove. The Ri. Ra and Ra groups optionally may caitain hydrowy. ether. OSiCCHs)a groups, and 

15 similar sul^stituent groups. Representative monomers that may be selected include, but are not limited to. 
^e following: methyl methacrylate (MMA). ethyl methacrylate (EPi/lA), propyl methacrylate. n-butyl 
mothacryloto (BiVIA or NBMA). hewyl mothacryioto. 2-othylhowyl mothacrytato (EHMA). octyl methacrylate. 
lajryl methacrylate (LMA), stearyl methacrylate, phenyl methacrylate. hydroxyethyl methacrylate (HEMA), 
hydroxypropyl methacrylate. 2-ethOKyethyl methacrylate. methacrytonitrlle, 2-trimsttiylsitawyethyl 

20 methacrylatB, glycldyl methacrylate (GMA). p-tolyl methacrylate. sortyl methacrylate. methyl acrylate. ethyl 
acrylate, propyl acrylate. butyl acrylate. hesyl acrylate, 2-ethylheKyl acrylate. octyl acrylate. lauryl acrylate. 
Stearyl acrylate. phenyl acrylate. hydro;(yethyl acrylate. hydroxypropyl acrylate scrytonHrila. 2-trimethyisieox- 
yethyl acrylate, glycidyl acrylate, p-tolyl acrylate, and sorbyl acrylate. Preferred A blocks are homopoh^mers 
and copdymors prepared from methyl mcthocrylato, biityl mothacrytato, 2-otfiylhoxyl mothacrylato. or 

26 copolymers of methyl methacrylate with butyl methacrylate. 

The A btock aJso may contain a hydrophlllc monomer such as CH2 = CpC)(Y)'. wherein X Is H or CH3 
and r is C(0)OH. C<0)NR2R3. C(0)Oa! NR2R3. C(0)Of^. or their salts, (therein H2 and R3 may be H or CI 
to C9 alkyl. aryl. or alkylaryl. Ra is a CI to C5 alkyI diradical. and Rs is a Cl to C20 alkyI diradical which 
rrwy contain hydroxy or ether groups, to provide some changes in solubility. However, there should not ba 

30 enough hycfrophilic monomer present in the A block to render it. or its salt. completolY water soluble. 

The B btock is a polymer prepared from at least one acrylic monomer having the formula provkled 
atx>ve. Representative monomers include mettiacrylic acid (MAA). acrylk: acid, dimethylamirroethyl 
methacrylate (DMAEMA). diethylamlnoethyl methacrylate, t-butylamlnoethyl nwthacrylate. 
dimethylamlnoethyl acrylate. dimethylaminoathyl acrylate, dimathylaminopropyl mclthacrylamWe. 

35 melhacrylamide. acrylamids. and dimethylacrylamida. Homopolymers or copolymers of mathacrylic acid or 
dimethylaminoethyl metf>acrylate are prefenred. 

Tho acid containing polymor may bo made directly or may be made from a trfockod rrionomer witti the 
btocking group being removed alter polymerization. Examples of blocked monomers that generate acrylic or 
methacryHc acid after removal of the blocking group induds: trimethylsilyl methacrylate (TTVIS-MAA), 

40 ^Ime^iylsllyl acrylate, i-butoxyethyl methacrylate. i-ethoxyethyl methacrylate. i-butoxyethyl acrylate, i- 
elhoxyethyt acrylate. 2*lelrahydropyranyl acrylate. and 2-tetrahydropyranyl melhacrylale. 

The B bbck may t>e a copolymer of an acid or amino containing monomer with other monomers, such 
as those used In the A block. The acid or amino monomer may be used in a range of 10 to 100%. 
preferable in a range of 20 to 60%, of the B bUtdk composition. The 6 btock(6) generally win constitute 10 

45 to 80%. preterably.25 to 65%. of the entire block polymer by weight. 

Block copolymers that are selected in practicing the invention have a number average molecular weight 
betow 20.000. preferably bekyw 15.000. and typically in the range of 1.000 to 3.000. Preferred block 
copolymers have numlwr average molecular wecghts in the range of 500 to 1500 (or each A and 8 block. 
Representative AB and BAB btock polymers thai may be selected include the fbltowing. wherein the 

50 values redted represent the degree of pdymerization of each monomer. A double slash indicates a 
seporatfon between blocks and a single slash indicates a random copolymer. F^r example, 
MMA//MMA/MMA 10^/5/7.5 is an AB t)lock polymer with an A l>lock of MMA that is 10 monomer units long - 
molecular weight of 1000 - and a B block that is a copolymer of MMA and MAA with 5 monomer units of 
MMA and 7.5 units Of MAA; molecular weight of the B btock Is 1 145. 
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EHKA//EHMA/MAA 
3//3/5 
5//2.5/2.5 
5//5/10. 
20//10/10 
15//11/22 



i£ie 
noo 

2640 
6800 
'7040 



EHHA//LMA/KAA 
10//10/12 



5552 



EHMA/ /MMA/EHMA/MAA 
10//5/5/12 



4502 
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EKMA//MMA/MAA 
5//5/10 
5//10/10 

15//5 

BKA//BMA/MftA 
5//2.5/2.5 
10//5/10 
20//10/20 
15//7.5/3 
5//5/10 
5//10/5 

BMA//MMA/MAX 
15//15/5 
15//7.5/3 
10//5/10 

MMA/ /MMA/MAA 
10//5/10 
10//5/5 
10//5/7.5 
20//5/7.5 
15/7.5/3 

MMA//EHMA/MAA 
5//5/10 
10//5/10 



2350 
2850 



3400 

1280 
3000 
6000 
3450 

2300 
2560 



4060 
3140 
2780 



2360 
1930 
2150 
3150 
2770 



2350 
2850 
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ftMA/MMA/ /BMA/MAA 
5/5//5/10 



2780 



15//7.5/7.5 
BKA//BMA/DMAEMA 



a5//7.5/3 
7.5//7.5/3 



3360 
2300 
3750 



10//5/10 



3700 



BMK/ /BMA/DMAEKA/MAA 
10//5/5/5 

BAB pQLXjeg^ 

BMA/M;^// BHA // BMA/MAA 
5/i0//10//5/10 

MMA/MAA // MMA // MMA/MAA 
5/7.5//10//5/7.5 



Preferred blodi polymers are methyl m6lhacrylate//melhyl methacryiate/melhacryitc acid \1Q//&73), 2- 
©thylhexyl methacrylateiVZ-ethytheKyl melhacrylato/imethecrylic acid (5//5/10). n-butyl methecrylate.'/i>-butyl 
mothocrylato/mefthscrylic acid (10//5/10), crthylhaxyl mothacrylatoZ/mothyl mothacrytoto/mothacryllc acid 
(5//10/10), n-bLrty!methacrylate//2-hydroKye1hyl mothacrylatfi/metti aery lie acid (5y/1Q/tO). n- 
butylmethacryiate//2-hydroxyethyl methacrylate/mothacryiic aced (15//7.5/3). methyl methacrylate/Zethylhexyi 
methacrytatejTnethacryllc acid (5//5/10). and butyt methacrylate/Zbutyl methacrylatd^dlmetfiylaminoetfiyl 
melhaorylate (10//S;iO). 

To sotubilize the B bloch into aqueous medium, it may be necessary to make salts of either the ackl 
or amino groups contalrTed in the B t>loclc. Salts of the acid monomers can be made wrth the counter 
component l:>8ing selected from organic bases such as mono-, di. tri-methylamine. morphollne. n -methyl 
morpholine: afoohol amines such as dimethylethanolamine (DMEA), methyldiethandamine. mono-, dt« and 
tri-ethanotamine; pyridine; ammonium hydroxide; tetra-aJkylammontum salts such as tetramethylammonium 
hydroxide, tetraethylammonium hydroMde; alkaG metals such as lithium, sodium and potassium, and the 
lilte. Preferred neutralizing agenls include dimelhytethanolannine and sodium and potassium hydroxides, 
vdth potassum hydroMde being particularly preferred tor inlcs to be used in thermal ink jet printers. Salts of 
the amino monomers can be made wrth tie counter component being selected from organic scids such as 
acetic acid, formic acid, onalic acid, dimethylol propionic acid, halogens such as chloride, fluoride, and 
bromide, and inorganic acids, such as sulfuric acid, and nitric acid, and the like. It is also pos8it>le to 
convert the amino group into a tetra<a)kyl ammonium salt Acetic and formic add are preferred neutralizing 
agents. Amphoteric polymers, that Is polymer that contains both an acid group and an amino group, may be 
used as is or can be neutralised wrth eKher addition of acid or I>as9. 

The AO and DAD polymers can be advantageously produoad by stepwise potymerication process such 
es anionic or group transfer polymerization as described in Webster. U.S. Patent 4.508.^, the disclosure 
of which is incorporated herein by reference. Polymers so proc&iood have predsoly controlled molocular 
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weighl. btoctc sizes and very narrow molecular weight distributions. The polymer typically has a dispersity 
less than 2, generally in the range of 1.0 to t.4. Dtspersity is the polymer weight average molecular wetght 
drvidad by its number average molecular wdght. Numtior average molocutar weight can be dotorminod by 
gel permeation chromatography (GPC). The AB or BAB btock polymers may also bs formed by free radical 

5 polymerization wherein the initiation unit is comprised of two different nrioieties wtticf) initiate polymerization 
at two dlstinctty different temperatures. However, this mettiod may cause contamination of ^e bicch 
cupolyin«'s with liomopolymer and oouptad products. 

The AB Woctf polymers also may be prepared using conventional anionic polymerizetion techntques. in 
which a first block of the copolymer is formed, and upon completion of the first btock. a second monorrw 

ro stream is started to form a subsequent block of the polymer. A low reaction temperature (e.g.. 0 to -70 *C) 
is maintained in this case to minimize sida reactions and form blocks of the desired rTH>l8Cular weights. 

With many of these techniques, and especially with ^e group transfer polymerization process, the 
initiator may be non-functional, may contain an add group (ussd as is or in a blocked form) or may conuin 
an amino group. Either the hydrophobh: A btock or the hydrophilcc B block may be made first. The BAB 

15 btock polymers also may be prepared by anionic polymerization or group transfer polymeriza^on tech- 
niques by first polymerizing one of the B Blocks, then polymerizing ^e hydrophobic A btock. and then 
polymerizing the second B Bk)ck. 

PIGMENTS 

20 

A wide variety of organic and inorganic pigments, alone or In combination, may be selected to make the 
ink. The term "pigment" as used herein means an insoluble colorant. The pigment particles are sufficiently 
small to penmit free flow of the ink through the ink jet printing device, especially at the electing nozzles that 
usually have a diameter ranging from 10 micron to 50 micron. The particio size also has on influence on tho 
26 pigment dispersion statntity. which is critical throughout the life of the ink. Brownian motion of minute 
particles will help prevent the particles from flooculatlon. R la also desirable to use small particles for 
maximum color strength and gloss. The range of useful particle size is approRimately 0.005 micron to 15 
mrcron. Preferably, the pigment particle size should range from 0.C05 to 5 micron and. most preferably, 
from 0.005 to 1 micron. 

00 Tho selected pigment may bo used in dry or wet form. For example, pigmonts are usually manufac- 
tured in aqueous media and the resulting pigment is ot>taiRad as water wet presscake. fri presacake form, 
the pigment is not agglomerated to the extent ttiat it is in dry form. Thus, pigments in water wet presscake 
form do not require as much deflocculatlon In the process ef preparing the Inks as dry pigments. 
Representative commercial dry pgments that may be telected to advantage are: 

35 . 
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10 



19 



20 



26 



90 



40 



45 



50 



Permanent ytdllotr DHG 
Permanont ^follow GR 
Peffsianent Yellow G 
Perm^QS\t Yellow WCG-71 
Permanent Yellow GG 
Hansa Yellow Kk 



Moechst 
Ho<ach@t 
Hoechst 
Hoechst 
aoechst 
aoeciist 



Hansa Brilliant Yellow 5GX-02 Hoechst 
Dalamar® Yellow YT-858-D 
Hansa Yellow X 
Wovoperm® Yellow KR 
Chroroophtal® Yellow 3G 
Chromophtal® Yellow GR . 
KovopormO 'Yellow FGI* 
Hansa Brilliant Yellow lOGX 

Permanent Yellow G3R-D1 

Chromophtal® Yellow SG 

Irgazin® Yellow 5GT 

Hostaperm® Yellow K4G 

Kostaperm® Yellow H3G 

L74-1357 Yellow 

L75-1331 Yellow 

L75-2377 Yellow 

Hostaperm® Orange GR 

Paliogen® Orange 

Irgalite® Rubine 4BX* 

Quindo® Magenta 

Indofast® Brilliant Scarlet 

Hostaperm® Scarlet GO 

Permanent Rubine F6B 

Monaatral® Magenta 

Monastral® Scarlet 



Heubach 
Hoechst 
Hoechst 
Ciba-Gelgy 
Ciba«Geigy 
Hoechst 
Hoechst 
Hoechst 
Ciba-Gelgy 
Ciba-Geigy 
Hoechst 
Hoechst 
Sun Chem . 
Sun Chem. 
Sun Chem. 
Hoechst 
BASF 

Ciba-Geigy 
Hobay 
Mob ay 
Hoechst 
Hoechst 
Ciba-Gelgy 
Ciba-Geigy 



Colour 
Index 

PigmgjQji 
YellotJ 12 
Yellow 13 
Yellow 14 
Yellow X« 
Yellow 17 
Yellow 73 
Yellow 74 
Yellow 7^ 
Yellow 75 
Yellow 83 
Yellow 93 
Yellow 95 
Yellow 97 
Yellow 98 
Yellow 114 
Yellow 128 
Yellow 129 
Yellow 151 
Yellow 154 



Orange 4 3 
Orange 51 
Red 57:1 
Red 122 
Red 123 
Red 168 
Red 184 
Red 202 
Red 207 
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10 



15 



20 



26 



p^gn<>?it. Brand Name 
Heliogen© Blue L €901F 
Heliogon® Blue NBD 7010 
Hellogen® Blue K 7090 
Heliogen® Blue L 7101F 
P&llcgen® Blue L £€70 
Heucopht:hal® Blue G, XBT- 
Beliogen® Green K 8683 
Heliogen® Green L 9140 
Monastral® violet R 
Monastral® Red B 
Quindo® Red Re700 
Quindo® Red R6713 
Indofast® Violet 
Monastral® Violet Maroon 
Raven® 1170 



. BASF 
BASF 
. BASF 
BASF 
BASF 
5 8 3D Heubach 
BASF 
BASF 

Ciba-Geigy 
Cibo-Geigy 
Mobay 
Mobay 
Mob ay 
B Ciba-Geigy 
Col. Chem. 



Colour 
indOK 

Blue 15:2 

Blue 15:3 
Blue IS: 4 
Blue SO 
Blue 15:3 
Green 7 
Green 36 
Violet 19 
Violet 19 



Violet 23 
Violet %2 
Black 7 



30 



40 



Pigment Brand Name 


Manufacturer 


Colour Inden Pigment 


Special BIsck 4A 


Degussa 


Btactc 7 


Sterllng<» NS Black 


Cabot 


Blade 7 


Sterling^ NSX 76 


Cabot 


Black 7 


Tipure^ R-101 


Du Pont 




Mogul L 


Cabot 


Black 7 


BK8200 


Paul Uhlich 


Black 7 


^ Note: No Colour Index Pigment notation for Tipuree 



Representalfvd commercial ptgmarrts thai can ha used in itts form ol a water wdl piresscake inclicde: 
HaucophthalO Blue BT-585-P. Toluidina Red Y (C.I. Pigment Bed 3). Quindo<d Magenta (Rgment Bad 122). 
Magenta HV-8e3i presscake (Mobey Chemicsl. Harmon Division, Haledon. NJ). Sunfaat^ Magenta 122 
(Sun Chemical Corp.. Cincinnati. OH). IndoO Brilliant Scarlet (Rgment Red 123, C.I. No. 71145), Toluidine 
Red B (CI. Pigment Red 3). Watctiung® Rod B (C.I. Pigment Red 48). Permanent RuWne F6B13-1731 
(Pigment Red 184), Hansa<» Yellow (Pigment Yellow 08), Dalamar«> Yellow YT-839-P (Pigment Yello^v 74, 
CI. Ho. 11741. Sunbrile® Yeltow 17 (Sun Chemical Corp. Cincinnati, OH). Toluidine Yeltow G (C.I. Pigment 
YelkTw t). Pigment Scarlel (CI. Ptgmenl Red K)), Auric Brown (CI. Pigment Brown 6), etc. Black pigments, 
such as carbon black, generally are not available in the form of aqueous presscakes. 

Fine particles of metal or metal oiddes also may bo uaed to practice tfie invention. For exampCa. metal 
and metal oxidos are suitablo for Iho. preparation of magnetcc ink jot inks. Fine particta size oxides, such as 
sittca. alumina, titania. and the Uke, alao may be selected. Funhermore, tinely <M6ed metal particles, such 
as copper. Iron, steel, aluminum and altoys. may be selected for appropriate applications. 

9S AQUEOUS CARRIER (MEDIUM 

The aqueous carrier medium is water or a mbdure of water and at least one vvater solut^e organk: 
solvent. Seloction of a suitable mixturo deparKis on requirements of tho specffk: applioatkm, such as dosired 
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suface tension and viscosity, the selected pigment, drying lime of the pigmented ink jet ink. and the type 
of paper onto which the ink wiO be printed. Representative examples of water-solubte organic solvonte that 
may bo soJocted incJudo (1) aJcohols. such as molhyl alcohol, ethyl alcohoJ, n-propyl alcohol, iso-propyf 
alcohol, n-butyl alcohol, sec-butyl alcohol, t-butyl alcohol, iso-butyl alcohol, hirturyl alcohol, and 
letrahydn>fufluryl alcohoJ; (2) ketones or ketoalcohots such as acetone, methyl ethyl ketone and diecetone 
alcohol: (3) ethers, such as tetrahydrofuran and dlowans; (4) esters, such as ethyl acetate, ethyl lactate, 
Httiyleos carbuiialu and propylene carbonate: (5) polyhydric alcohols, sucli as ethylene ylycul. dietfiylune 
glycol, trtethylene glycol, propylene glycol, tetraethyiene glycol, polyethylene glycol, glycerol. 2-methyl-2.4- 
pentanediol 1,2.6-hexanetriol and thiodiglycol; (6) lower alkyi nr>ono- or di-others derived from alkylene 
glycols, such as ethylene glycol mono-methyl (or -ethyl) e^er. diethylene glycol mono-methyl {or -ethyl) 
ether, propylene glycol mono-methyl (or -«thyl) ether, triethylene glycol mono-methyl |or -ethyl) ether and 
diethylene glycol di-methyl (or -ethyl) ether, <7) nitrogen containing cyclic compounds, such as pynntidone. 
N-mathyl-2-pyrrolidone. and 1 >dimethyl-2Hmlda2olidirionB: and (8) sutfur-<:ontainlng compounds such as 
dimethyl sulfoxide and tetramethylene sulffone. 

A mixture of water and a polyhydric alcohol, such as. diethylene ghrcol, Is preferred as ©re aqueous 
carrier medium. In the case of a mixture of water and diethylene glycol, the aqueous carrier medium usually 
contains from about X% wator/70% dtethylono glycol to about 05% wGXor/S% diothylono glycol. Tho 
preferred ratios are approximately 80% watery40% cfiethylene glycol to about 05% water/5% diettiylene 
glycol. Percentages are based on the total weight of the aqueous carrier medium. 

SURFACTANTS 



Surfactants may be added to the ink jet inks of the invention to Improve their drying characteristics. 
Useful surfactants may bo solocted from McCutchoon*s Emutsafiers and Dotorgents, published by Manufac- 
turing Confectioners Publishing Company. Glen Rock. NJ. The choice of surfactant is highly dependent on 
the type of paper to be printed. It Is expected that one skilled In the art can select the appropriate surfactant 
for the specific paper to be used in printing. 

For example, the following surfactants were found to be u^ful in printing on Gilbert Bond paper (25% 
cotton) designated style 1057 manufactured by Mead Company. Dayton. Ohio. 

Supplier end Tradename Description 

Air Products 

Surfynol® «65H Ethoxylated Tetrainethyl 

Decynediol 



Surfynol® CT-136 

Surfynol® GA 
Surfynol® TG 



Acethy lenicdiol , 
Anionic Surfactant 
Elend 

Acetylenic Diol Blend 
Acetylenic Diol Blend 
in Ethylene Glycol 



Cyanamid 

Aerosol® OT Dioctyl Sstcr of Sodium 

Sulfosuccinic Acid 
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30 X>ihc»yl £3t<sr of 

Sodium Sulfosuccinic 

80/ 
2/1 



Aerosol® HA* 
Aerosol 07 

Du Pont 

DvpoAOl® RA 

Merpol® 'A 

Merpol® LF-H 
Merpol® S£ 
Merpol® SH 
Zelec®. KK 

Fisher Scientific 

Polyethylene Glycol 
Polyethylene Glycol 
Polyethylene Glycol 

JCl 

Renex® 30 . 
Synthrapol® KB 



Rohm & Haas 

Triton® OF 10 
Triton® CF 21 
Triton® N-111 

Triton® X-100 



Fortified Sodivm Sther- 
Alcohol Sulfate 
Ethylene Oicider Ester 
Condensate 
Polyether 

Alcohol Ethoxylate 
Ethylene Oxide Condensate 
Alcohol Phosphate 
Composition 



Polyoxyethylene 0(12} 
Tridecyl Ether 
Polyoxyethylene Alkyl 
Alcohol 

Alkylaryl Polyether 
Alkylaryl Polyether 
Wonylphenoxy 
Polyethoxy Ethanol 
Octylphenoxy 

Polyethoxy Ethanol 



3350 
600 



12 



o 



o 



EP 0 518 225 A1 

Octylphenoxy 
Polyetho^cy 
Echanol 
OctylphenoJty 
Polyathojty • 
£thanol 

Polyallcyl«neoxide 
Modified 

Polydime t hy 1 s i 1 oxane 
Polyalkyleneoxlde 
Modified 

Polydimethylsiloxane 

Polyal^y.l®^®^'^!*^® 
Modified 

Polydimethylsiloxane 
Polyalkylene Glycol 

Lauryoyl 
Itiiinodiacetic 
Acid 

The printing speed of ink jet printers is currently linnited by the relatively slow rate at which ink 
penetrates the paper substrate. Tlie addition of surfactants to Ink jet inks pernnits the ink to wet rapidly into 

40 a variety cH papers wtthout Introducing potentlalty toxtc and de$tablll7lng additives. The drylrig time Is 
reduced from aimut 70 seconds required Ibr non-surfactaiii containing inks to as little as S seconds for inks 
containing surfactants. Moreover, the addition of surfactants permits the preparation of inks suHabte for high 
speed printing without the necessity for the addition of relatively large quantities of solvent (15% versus 2% 
for surfactant containing inks) v^hich may injure the ink stability, materials of construction of the ink 

45 cartridge, or possibly introduoe tOKkrity or fiammability. Since a surfactant increases the speed of drying of 
the ink, smearing of the printed image on the paper is also prevented. 

The surfactant selected for the Ink composition needs to be compatible with the other components, 
particularly the polymer and surfactant have to ba of the sarne type. i.e.. anionic or calionic. f^on-ionk: 
surfactants can be used with eittier type of polymer. A concentration of surfactant of from about 0.1% to 

80 about 10% of the total ink composition is effective vrith about 0.5% to about 3% being preferred. 

Preferred surfactants are Sihivet<» L-77. SynthrapolO KB. Triton© X-iOO, Aerosol© MA and Aerosol<& OT 
or mixtures thereof, which are anionic we>tting agents except for Trlton^s which is non-ionic. With the 

polymers used in the compositions exennplified liaing anionic, ank>nlc or non-Ionic surfactants were used in 
the compositions. However, catkMik: surfactants can be used wttti Ink compositk>ns Including catlonic or 

55 non-Ionic polymers. Amphoterk: surfactants fiave al») been found to be useful. 

ink PREPAFtATION 
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Triton® K-102 



Triton® 3C-114 



union Carbide 



Si iwet® L-ISO? 



Silwet® L-77 



UCOK® MLISBI 

W. R. Grace 

Hampshire Div., 
Hamposyl® Lida 
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The ink is prepared by premixing the selected plgnrient(s) and acrylic bloctt copolymer in water, a water 
soluble solvent, or the equeous carrier medium, and then deftocculating the pigment. Optionally, a 
disporsant compound may bo prosont. Aniontc/nonionic surfactants, such as Daniors Dtsporso-Ayd W-22, 
and W-2B and/or a pdymertc pigment dispereant such as. Tamol SN manufactured t>y Rohm and Haas and 

s SMA 1000 resin manufactured by Sarton^r Co., may be used t^r this purpose. The defloccutating (i.e.. 
dispersing) step may be accomplished In a Horl2ontal mini mill, a ball mill, an attrltor, or by passing the 
mixture through a plurality uf nozzlns witfiiri a Icqutd jet inti^actlon chamber at a liquid prtussure uf at taasi 
1000 psi to produce a uniform dispersion of the pigment particles in the aqueous carder medium. 

It generally is desirable to make ^e pigmented ink jet ink in concentrated form, which is subsequently 

10 diluted to the appropriate concentration for use in the ink jet printir^ system. This technique permits 
preparation of a greater quantity of pigmented ink from the equipment, if the pigment dispersion was made 
in a solvent, it is diluted with water and optionally other solvents to the appropriate concentration. If it was 
made in water, it is diluted with either additional water or water soluble solvents to rrake a pigment 
dispersion of the desired concentration. By dilution, the ink is edJustKJ to the desired viscosity. coJor, hue. 

rs saturation density, and print area coverage for the particular application. 

In the case of organic pigments, the ink may contain up to approximately X% pigment by weight, but 
will gonorally t>o in the range of approKimatoly 0.1 to 10%, preferably approximately 0.1 to 5%. by weight of 
^e total ink composition for most thsrmaJ ink jet printing applications. If an inorganic pigment is selected, 
tfie ink will tend to contain higher wsight percentages of pign^nt than with comparable inks employing 

20 organic pigment, and may bs as high as approwlmately 75% In some cases, since Inorganic pigments 
genanslly have higher speciftc gravities than organic pigments. The acrylic block polymer is present in the 
range of approximately 0.1 to 20% by weight of the total ink composition, preferably in the range of 
approximately 0.1% to 5%. If the amount of polymer becomes too h^h, the ink color density will become 
unacoeptably ksw and it will become difficult to maintain desired ink viscosity. Dispersion stability of tho 

as pigment particles is adversely affected if Insufficient acrylic block copolymer is present. The amount of 
aqueous carrtsr medium Is In the range of approximately 70 to 9g.8%, preferably approximately go to 
^.8%. t«sed on total weight of the ink when an organic pigm^t is sheeted and approximately 25 to 
^.8%. preferably approximately 70 to 99.8% when an inorganic pigment is selected. Other additives, such 
as bk>cides. fujmectanls. chelating agents, and viscosity modifiers may be added to the ink for conventtonal 
30 purpoeos. Tho choice of addltivo or combination of additives will bo govornod by tho surfaco bohovior of tho 
additive(s) selected. Optionally, otttar acrylic and non-acrylic polymers, may bs added to improve properb'es 
such as water fastness and smear resistance. These may t>e sohmt based, emulsions, or water solut>le 

; polymers. 

Jet vetocity, separation length of the dmplets, drop size and stream stability are greatly affected by the 
35 surface tension and the viscosity ol the ink. Pigmented ink jet inks auitabla for use with ink jet printing 
systems should have a surface tensfon In the range of about 20 dyne/cm to about 70 dyne/cm and. more 
preferably, in tho rang© 30 dyno/cm to about 70 dyno/'cm. Acceptable vi«:ositk)s aro no groator than 20 cP, 
and preferably in the rar>ge of about 1.0 cP to about 10.0 cP. The ink has physical properties compatible 
with a wide range of ejecting conditions, Ijs.. driving voltage and pulse width tor thenmal ink jet printing 
40 devices, drMng frequency of the plezo element for el&ier a drop-on-demand device or a continuous device, 
and ihe shape and size of the nozzle. The ink has excellent storage stability for a long period and does nol 
ctog In an ink jet apparatus. Fixing of the ink on the Image recording material, such as. paper, fabric, film, 
etc., can be carried out speedily and surely with the printing dot being smooth at ^e border thereof and 
with spreading of the ink being slight. The printed ink images tiave clear color tones, high density, excellent 
45 water resistance and light fastness. Further the ink does not corrode parts of ttre Ink jet printing device it 
comes in contact with, and it is essentiaily odorless, non-toxic and infianrvnat>le. 
This inventk>n now will be further illustrated, but not limited. t>y the examples. 

EXAMPLES 

60 

Bk)Ck polymers were prepared using the following procedures: 
PREPARATION 1 : 

55 An EHMA/^tHMA/MAA y/S/lO Add IriHiator, AcW Bbck First polymer was prepared using the following 
procedure: 

A 3-liter flask was equipped with a mechanical stin-er. thermometer. N2 inlet, drying tube outtat and 
addhion funnels. Tetrahydrohiran THF, 800 gm, and p-wytone, IjO gm, was charged to tho flask. Tho 
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catalyst tetrabutyl amnrwnlum m-chlorobonzoate, 700 ml of a 1.0 M solution In acetonitrile. v;ras then sdded 
Initialor. 1.1-bi9(trimethylsiloxy)-2-methyl propene. 73.0 gm (0,315 M) was injected. Feed I (tetrabutyl 
ammonium m-chtorobonzoatOi 700 ml of a 1.0 M solution in acotonitrib] was started and sddod over 150 
minutes. Feed 11 [2-ethylheKyl methacrylate, 312.^1 gm (1.58 M). and Irimethylstlyl methacrylate. 500.0 gm 

s (3.16 M)| was started at 0.0 minutes and added over 50 minutes. Eighty minutes after Feed 11 was 
completed (over 99 % ol the monomers had reacted). Feed 111 [^-ethylhexyi methacrylate. 312.0 gm (1.58 
M)] \f7as sfarted aiid addtftJ over 30 minutes. 

At 180 minutes. 200 gm of methanol and 250.0 gm water were added to the atjove solution. It was 
rofluxed for 120 minutes. Then 1470 gn\ of solvent and hexamethyldisiloxane were stripped out while 670 

fo gm of i-Propanol were added. This made a EHMA//EHMA/^MA 5//5/10 polymer at 55 % solids. 
The above block poiyrvter was neutralized using the following procedures: 

Procedure A: N.N-Dlmatfiylgtharwlamlne 

IS The EHMA//EHMA/MAA block polymer prepared above was neutralized (100%) by adding the amine to 
the bbck copolymer solution and mixing until a homogeneous solutk3n was obtained, usually 2-3 hours. 
After noutralizatton, ttio noatDrial was reduced to approKimatoly 25% solids with doionizod water. 



INGREDIENT 


AMOUNT (QMS) 


BLOCK POLYMER 


102.5 


N.N'OIMETHYLETHANOLAMINE 


18.7 


DEIONIZEO WATER 


102.5 


TOTAL 




Wr.% SOLIDS: 25 









90 Procedure B: Potassium Hydroxhie 

The EHMA//EHMA/T^MA block polymer pnspared above was neutralized (100%) by adding 15% 
aqueous potassium hydroxide solution to tho block copolymer solution and mixing until a horTK)goneous 
solution was obtained. After neutralization, the material was reduced to approximately 25% solkjs with 
M deionized water. 



INGREDIENT 


AMOLtfMT (GMS) 


BLOCK POLYMER 


102.5 


POTASSIUM HYDROXIDE <15% SOLUTION IN DEI0N12ED WATER) 


7B.6 


DEIONIZED WATER 


42.6 


TOTAL 




WT.% SOUDS: 25 




PH: 8.0 





PREPARATION 2 : 

^ A block polyrrwr of IV!ty/IA//MMA/MAA 10//5/7.5. M.W. 2150. was proparod using the following procedure: 
A 3-li1er flask was equipped witti a mechanical stirrer, thermometer, N2 inlet, drying tut>e outlet, and 
addition funnels. Tetrahydrofuran (THF). 845 gnrt, and p-xyferts, 2.4 gm. were charged to the flask. The 
catalyst t0trat>utyl ammonium nvchlorobenzoate, 0.9 ml of a 1.0 M solutkMi In acetonltrlle. was then added. 
Initiator, t,1-tMs(trinwttiylsltaKy)-2-methyl propane. 75.B gm (0.326 M) was inisctiRd. Fe*wi I (tetrabutyl 

** ammonium m-chtoroljeruoaie. 0.9 ml ol a 1.0 M sohjilon in acelonilrilej was started and added over 150 
minutes. Feed II [methyl methacrylate, 104 gm (1.84 M), and trimelhylsilyl methacrylate, 387 gm (2.45 M)I 
was started at 0.0 minutes and added over 38 minutes. Fifty-five minutes after Feed II was completed (over 
88 % of tttt) monomofs had reacted), Feed III {methyl methacrylate. 326.8 gm (3.27 M)J was started and 
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added over 30 minutes. 

At 400 minutes. 155 gm of dry methanol were added to the at»>ve soKition and distillation was begun. 
Difl-ing the first stsge of distillation, 320.0 gm of matertai with a boiling po\n\ of tsolow 55 * C was removed 
from the flask. The thTOratical amount of methoxytrimethytsilane (BP » 54* C) to bo removed is 2B0.0 gm. 
5 Distillation continued during Sie second stage whiCa the boiling point Increased to 7$*C. i-Propanol. 904 gm 
total, was added during the second stage of dlstiilatton. A total of 1161 gms of solvent were removed. 

The tilock polymer ^as neutralized with N.N-dimethylethaiiolamine (Procedure A) and potassium 
hydroidde (Procedure B) as described above. 

10 PREPARATION 3 : 

A block polymer of NBMA//NBMA/MAA (ia'>S/iO) was prepared using the following procedure: 
A Hiter flask was equipped vvith a mechanical stirrer, thermometer. N2 inlet, drying tutie outlet and 
addition funnels. Tetrahydrofuran THF. 350 gm. and p-nylene. 1 .0 gm. was charged to the flask. The 

19 catalyst tetrabutyl ammonium m-chloroben£C»to. 300 ml of a 1 .0 M solution in ^:etonitrile. was then added. 
Initiator. 1.Vbis(trimethylsiloxy)-2-methyl propene. 20.0 gm <0.066 M) was iniected. Feed I [tetrabutyl 
ammonium m-chlorot)enzoato. 300 ml of a 1.0 M solution in acotonitrile) was startod and added ovor 150 
minutes. Feed II (n-butyl me^acrylate, 6i.l gm (0.43 M}, an6 trimethylsilyl methacrytate, 136.0 gm (0.86 
M)] vvas started at 0.0 minutes and added ovor 20 minutos. Two hundred minutes after Feed II was 

20 completed (over 99 % of the monomers had reacted). Feed III [rH)Utyl melhacrylate. 121.6 gm (0.86 M)] 
was started and artded over SO miniites. 

At 400 minutes. 56 gm of dry methanol was added to the above solution and distillation begins. During 
9ie first stage of distillation, 1 12.0 gm of nr^aterial with a boiling point of below 56*0 were removed from the 
flask. Tho thoorotical anuHint of mo^oxytrimothylsilano (BP s 64 *C) to bo romovod was 88.0 gm. 
86 Distillation continued during the secorid stage white the trailing point increased to 76'C. i-Propanol. 420 gm 
total, was added during the second stage of distillation. A total of 508 gms of solvent were removed. 

The t^lock polymer ^as neutralized with N.N-dimethylethanolamine (Procedure A) and potassium 
hydroxidB (Procedure B) as descrit)ed above. 

30 PREPARATION 4 : 

A bloctc copolymer BMA//BMA/W1AA 5//2.S/'5, M.W. 1500. was prepared using the following procedure: 
A 3-llter flask was equipped with a mechanical stin'er. thenmometer N2 Inlet, drying tube outlet, and 
addition funnels. Tetrahydrofuran (THF), 7QQ gm, and p-xylene, 3.6 gm, were charged to the flask. The 

35 catalyst tetrabutyl ammontum m-chloroben^oate. 3.2 ml of 1 .0 M solution in acetonitrile. was than added. 
Initiator. 1.1-bis(trimethylsiloxy)*2-mo^yl propene. 144.0 gm (0.62 M) was injected. Feed I [tetrabutyl 
ammonium m-chlorobonzoate. 3.2 ml of a 1.0 iVl solution in ecotonttrilol was startod and added ovor 130 
minutes. Feed II [n-butyl methacrytate, 220 gm <1.55 M), and trimethylsilyl methacrylate. 490 gm (3. 1 M)) 
was started at 0.0 minutes and added over 40 minutes. Thirty minutes after Feed li was completed (over 

40 ^% of the monomers had reacted), Feed III (n-butyl methacrylate, 440 gm (3.1 M)] was started and added 
over 30 minutes. 

At 240 minutes, 218 gm of dry methanol were added to the above solution and distillation was begun. 
During the first stage of distillation, 210.0 gm of material with a boiling point of below 55^0 was removed 
from the flasl^. [distillation continued durir^g tiie second stage while the boiling point increased to 76 * 0. i- 
4s Propanoi, 600 gm total, was added and cRstiliation continued until a total of 1436 gms of solvent had been 
removed. This made a BMA//BMA/MAA 5//2.b/^ polymer at 57.7% solids. 

The block polymer was neutralized with N.N-dimethylaminoethanol (Procedure A) and potassium 
hydroxide (Procedure B) as described in Preparation 1. 

50 PREPARATION 5 : 

A block copolymer EHMA//MMA/MAA 5/f^Of^0, M.W. 2800. was prepared using the following procedure: 
A 12-llter flask was equipped with a mechanical stirrer, thermometer. r^2 intat, drying tube outiet, and 
addition funnels. Tetrahydrofuran (THF). 3255 gm. and p-wylene. 7.9 gm. were charged to the flask. The 
catalyst tetrabutyl aniniuiiium m-chtorobenzucote, 4 mi of a 1 .0 M soKittun in acetonitrile, was tlwn adct»d. 
' Initiator. 1-m8tiiQKy-1*tnmethylsiloKy-2*methyl propene. 1d5.1 gm (1.12 M) was injected. Feed I [tetrabutyl 
ammonium m-chlorcbenzoate. 4.0 ml of a 1.0 M solution in eoetonitrile] was started and added over ISO 
minutos. Feed II [othylhoKyl methacrylate, 1 079 gm (5.44 M}] was startod at OX) minutes and added over 30 
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minutes. Forty minutes aftw Feed II was completed <ovor 9d% of the monomers had reacted). Feed 10 
[methyl methacfylate. 108S.5 gm (10.9 M), and trimethylsllyl methecryteta. 1774 gm (11.2 M)] was started 
and added over 30 minutes. 

At 240 minutes. 675 gm of dry methanol were added to the above solutcon and distillation was begun. 

5 During the first stage of dtstiflation. 1050.0 gm of material with a boiling point oJ below 55 'C was removed 
from ths flask. Distinatlon continued during the second stage wWIe the boiling point increased to 78»C. I- 
PrupaiKsl. 4025 gm total, was added and distillaiion ccjitinued until a total oC 5035 gms of solvent had been 
removed. This made a EHMAZ/IVIMA^AA 5/710/10 polymer at 48% solids. 

The block polymer was neutralized with N.N-dimethylaminoethanol (Procedure A) and potassium 

10 hydroxide (Procedure B) as described in f^eparation 1 . 

EXAMPLE 1 (Black) 

The folkming ingredients were added in turn slowty in a besket with magratic bar stirring: 



20 



INGREDIENT 


AMOUNT 
(parts by weight) 


Special Black 4A. carbon black pigment (Degussa Corp.. Allendale. NJ) 
Polymer obtained In Preparatton 2 (25% soludon. neutralized by Procedure A) 
Dtethylene glycol 
Deionized water 


40.0 
32.0 
30.4 
97.6 



Stirring was continued lor 10-15 minutes until no lumps or dry clumps of pigment were visible. The 
mixture was added to a mini motormill 100 (Bger Machinery Inc Bensonvllle. IL 601 OS). Milling was carried 
out at 4500 r.p.m. After 5 minutes the pH was adjusted to 7.5-8-5 with about 1 ml dimethylaminoethanoi 
(PennwaJt Corp.. Philadelphia, PA 10102), Milling was continued (or 56 minutes at which time the particle 
Size was 167 nm as determined on a Brookhaven BI-90 Particte Sizer (Brookhaven Instruments Corp.. 
Holtsvllle, NY 11742). TTw dispersion was Altered threugh a 3M 114A Uquld RIter Bag (3M St. Paul, MN 
56144) under vacuum. 

160 grams ol the above dlspsraon were let down wtth 3a4 parts of 25% neutralized polymer solution 
(described above). 01.5 parts deionized waiter and 20.1 parts dcs^ytene glycol. 

The final black Ink was prepared by adding 75 parts of 20% dielhylane glycol to 75 parts of the above- 
mentioned dispersion with agitation over a 30 minute period. 

This ink had the toltowing physical ctiaracteristics: 



Surface tertsion: 


36.0 dynes/cm 


Viscosity: 


4.3 cps 


pM: 


6.1 



The black ink has good thermal stability and gives eKOoHent print quality as judged by "eye" giving 
dean, clear black cJiaracters on a Hewlett Packard DeskJet Printer (Hewlett Packard. Palo Alto, OA) as 
purchased (See Tables 1. 2 and 3). 

EXAMPLE 2 



A black ink-^ ink was prepared using the folk>wing procedure: 



H^GREDIENT 


AMOUNT 
(parts by weight) 


Raven® 11 70. carbon Week pigment (Cokjmblen Chemicals Co., Jamesburg. NJ 06831) 
Polymer obtained in Preparation 2 (26% solution, neutralized by Procedure A) 
Diothylene glycol 
Deionized Water 


5 
10 
3.5 
6.5 
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The above-men llonsd components ware pre-mixed In a beaker as described in Example 1 and 
dispersed in a horizontal mini-mill for about 2 hours and then let down with BO parts water and 15 parts 
dtothylono glycol. The finishod ink was then filtered through 2 micron filter lolt to romovo undisporsed 
' particles. The ink had the following physical characteristics: 



Viscosity: 


3.3 cps 


Surface Tension: 


50.8 dyne/cm 


PH: 


6.5 


Partlde Size: 


1 10 nm (107 nm after temp, cycling) 



The intc printed cleanly and with uniform density. on a Hewlett-Packard DeskJet printer (Hewlett Packard, 
Palo Alto. CA). Dispersiun stability after four cycles of -20 *C (4 hrs)/70'C (4 hrs) was very good (3 nm 
change), (see Tables 1. 2 and 3) 

EXAMPLE 3 (Black) 

A black inkHet ink was prepared using the following procedure: 



20 


INGREDIENT 


AMOUNT 






(parts by weight) 




Raven® 1 170. carbon black pigment, (Columbian Chemicals Co. Jamesburg. NJ 08031) 


5 




Potyn\er obtained in Preparatk>n 1, 25% sdution, noutrafizod by Prooodure 6) 


10 


26 


Disthylene glycol 


3.5 




Ddk>nl2dd Water 


6.5 



The atDOve-mentionsd components wsre pre-mixed in a beaker as described in Example i and 
dispersed In a horizontal minl-mlli for atM>ut 2 hours and then let down with &0 parts water and 15 parts 
dcethylene glycol. The finislied ink was th&n filtered through 2 micron filter felt to reiTK3ve undispersed 
particles. The ink had the following physical characteristics: 





Viscosity: 


3.2 cps 


35 


Surface Tension: 


45.5 dyne/^cm 




pH: 


e.9 




PartkHe Size: 


107 nm (106 nm aftor temp, cycling) 



The ink has excellent thenmal stabSity and prints cleanly and with uniform density on a Hewlett-Packard 
DeskJet printer (Hewlett Packard, Palo Alto, CA). (See Tables 1, 2 and 3) 

EXAMPLE 4 (Black) 

A black ink-fet ink was prepared using the folkiwing procedure: 



INGREDIENT 


AMOUNT 
(parts by weight) 


Special Black 4A. carbon black pigmenl. (Degussa Corp.. Allendale NJ 07401) 
Polymer obtained In fYeparation 3, 25% soliAlon, rteutralized by Procedure B) 
Dkftliytsne glycol 
Deionized water 


5 
10 
8.9 
4.1 



55 The above-mentioned oomponsnts ware pre-mived in a beaker as described in Example 1 and 
dispersed in a horizonlaJ mini-mill for about 2 hours ^d than let down with 57.6 parts water and 1 4.4 parts 
dietfiylene glycol. The finished ink was then fitored ttirough 2 micron filter felt to remove undispersed 
panicles. The ink had the following physical charactoristtes: 
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s . 



Viscosity: 


3.8 cps 


Surface Tension: 


45.1 dyne/bm 


pH: 


7.7 


ParticJe Size: 


165 nm (162 nm after lemp. cycling) 



Tlie irih fias excttlltifit thermal stability and prints cleanly and witti uniform density on a Hewlett-Packard 
DeskJet printer {Hewlett Pachard. Palo ANo. CA). (See Tables t. 2 and 3) 

10 CONTROL 1 (RANDOM POLYMER) 



A random polymer with the same chemical composrtion and stmilar molecular weight was prepared by 
radical potynmrizattor) as a cuntrol. 

A four rtacfc flasfc equipped with a mechanical mix^, reflux condenser, nitrogen inlet, thermometer, and 

IS heating mantle was charged with 166 g of 2-propanol and 82 g of 2H)iitanone and heated to reflux. To this a 
solution consisting of 1081 g of methyl methacrylate. 463 g of metfiacrylic add. and 46 g of n-dodecyl 
morcaptan was added over a period of 180 minutos. A second food solution consisting of 03 g of 2Jt' 
A20bjs(2,4-dimethylvaJeronilrilo) (VAZO S2. manufactured by DU PONT), 463 g of 2-propanol, and 232 g of 
2-butanone was added concurrently with the first but over 210 minutes. When addition was complete. 

20 mixing was continued at reflux for 30 minutes. The polymer solution was enriched to 80% solids by vacuum 
drying. 

An aqueous ink vehicle was then prepared as follows: 
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INGREDIENT 


AMOUNT (parls by weight) 


Polymer 

Deionized water 

N.N-Dimethylathanolamtne 


25.7 
87.1 
7.2 



Dispersion and ink were then prepared as follows: 



KMGREDIENT 


AMOUNT 




(parts by weight) 


Ravenoii70, cartKin black pigment. (Columbian Chemicals Co. Jamestxjrg, NJ 08831) 


5 


Polymer obtained in Control 1 (25.7% solution) 


10 


Diethylene glycol 


3.5 


Deionized Water 


6.5 



Tiie atiove-menlioned components were pre-fnixed in a beaker as dasnritied in Example 1 and 
CGsparaed in a horizontal mini-mHI for about 2 hours a\6 then let down with 60 parts water and 15 parts 
diethylene glycol. The finished Ink was then filtered through 2 micron filter felt to remove undispersed 
partictea. The ink had the fottowing phyaksal characteristics: 



Viscosity: 


3.8 cps 


Surface Tension: 


48.0 dyne/cm 


pH: 


8.7 


Particle Size: 


98 nm (103 nm after temp, cycling) 



This ink printed irregularly on the thermal inkjet printer relative to ^ ink prepared in the examples 
using btocfc copolymer disparsanss. (See Tables 1, 2 and 3) 

$5 EXAMPLE 5: (Cyan) 

A cyan ink was prepared using the following procedure: 
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INGREDIENT 


AMOUNT 
(parts by wei^t) 


Heucopmhal®Blu® C3. XBT-583D (Heubach. Inc.. Nawark. NJ) 

Polymer obtained in Preparation 2 (25% solution, neutralized by Procedure A) 

Methylene glycol 

Datora^ed water 


30 
60 
51 
159 



fO 



20 



25 



90 



The above-mentioned components were pre-mlxed In a bealcer as described In Example I and then 
depersed in a mfrii mutormill 100 (Ecger Machinery Iik:., Bensenvllle. IL 60106) for 24 minutes using 0 75 
mm glass beads at 4500 rpm motor speed. The resulting 10% fine pigment dispersion was filtered through 
a piece of 1 micron filter cloth under vacuum. The. finished dispersion has the follov^ing physical 
ch aractoristtcs : 



Viscosity: 


5.76 cps 


Surface Tension: 


46.0 dyne/cm 


pH: 


73 


Particle Size: 


121 nm 



The dispersion was let down with dcethylene glycol and water to a 2.0% ink in 10/00 diethylene 
g^^colAvater mixture for print test. The print test was carried out on a Hewlett Pachard DeskJet Printer 
(Hewlett Packard. Palo Alto. CA). (See Tables 1. 2 and 3) 

EXAMPLE 6: (Yellow) 

A yelk>w ink was prepared using the following procedure: 



<J0 



INGREDIENT 


AMOUNT 




(parts by weight 


Sunbrite® Yellow 17. presscake (21.5% solid. Sun 


209 


Chemical Corp., Cincinnati. OH 45232) 




Polymer obtained in Preparation 3 (25% solution, 


35 


neutralized by Procedure A) 




SMA^IOOO resin, hydrolyzed with DMEA (20% 


22.5 


solution. Sartomer Co,, West (Chester. PA 19382) 




Deionized water 


32.2 



The above-menliortad cjomponenls ware pre-mixad in a baaker as dfificribsd in Example 1 and 
dispersed m a mini motormill 100 for 80 minutes using 0.75 mm glass beads at 4500 rpm motor speed The 
matenal was then pasrod through a microfluidlzer (Model 11 OF. Microfluidics Oorp.. Newton MA 02164) 
under 7000-9000 psi (403-634 kg/sq cm) pressure for 40 minutes to further reduce the partk!le size The 
rosulting tine pigment dispersk^n was let down with 30 parts 25% polymer solution prepared as described in 
Preparation 3 and 95 parts water and then filtered through a piece oi i micron filter cloth under sitght 
vacuum. The finished 10% dispersion has the folbwtng physical characteristics: 



50 


Viscosity: 


6.25 cps 




Surface Tension: 


48.8 dyne/cm 




pH: 


8.92 




Particle Size: 


205 nm 



ss 



Tim dispersion v^as let down with diatt.ylene glycol arid crater to a 2.0% ink in 10/90 diuthylene 
QhrcolMater mixture for print test. The print test was carried out on a Hewlett Pachard DeskJet Printer 
(Hewlett Packard. Palo Alto. CA). (See Tables 1.2 and 3) . 
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EXAMPLE 7: (Magenta) 

A msQonta ink was proparod using tho following procedure: 



$ 


INGREDIENT 


AMOUNT 






(parts by weight) 




Sunfest^MaQenta 122. pnasscel^e (52.8% solid. 


36 




Sun Chemicai Corp., Cincinnati, OH 45232) 




fO 


Polymer obtained in Preparation 4 (25% 


40 




solution, neutralized by Procedure A) 






Oiettiylene glycol 


34 




DekmizBd water 


88 
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The above-mentioned components were pre-miwed in a beeher as described in Example 1 and ©len 
cflspsrsed In a mini motormlll 100 Jor 24 minutes using 0.7S mm glass beads at 4500 rpm motor speed, the 
resulting 10% fine pigineiit dispersion «ras filtered through a piece of 1 micron filter doth under sright 
vacuum. The finished dispersion has the following physical characteristics: 



Viscosity: 


B*53 cps 


Surface tension: 


41.1 dyne/cm 


pH: 


9.07 


Particle Sizo: 


153 nm 



90 



The diversion was let down with diethylene fllycol and water to e 2% Ink in 10/00 diethylene 
glycol/water mixture for print test. The print tect was carried out on a Hewlett Packard DeskJet Printer 
(Hewlett Packard. Palo Alto, OA). (See Tables 1 , 2 and 3) 

EXAMPLE 8: (Magenta) 

A msgenta ink was prepared using the following procedure: 



06 



40 



INGREDIENT 


AMOUNT 




(parts by weight) 


Sunfast^M^enta 122. presscake (52.8% solid. 


38 


Sun Chemical Corp., Cincinnati, OH 45232) 




Polymer obtained In Preparation 5 (25% 


40 


solution, noutraJizGd by Procedure A) 




Diethylene glycol 


34 


Deioniaad water 


88 



46 . The above-mentioned components were pre-mlxed in a beaker as described In Example I and ©len 
dispersed in a mini motormifl 100 for 42 minutes using 0.75 mm glass beads at 4500 rpm motor speed. The 
resuHIng 10% fin© pigment dispersion was filtered through a piece of 1 micron filter cloth under vacuum. 
The finished dispersion has the fe)llowing physical charactertstJcs: 



60 



Viscosity: 


13^ cps (measured at 30 rpm) 


Surface tension: 


45.8 dyne/cm 


pH: 


7.6 


Particle Size: 


164 nm 



The dispersion was let down with a mixture of diethylene glycol^vater to give a 2% and a 4% ink in 
10/BO mixture of diethylene glycol/water for print test The print test was carried out on a Hewlett Packard 
DeskJet Printer (Hewlett Packard. Pato Alto, CA) by whfeh the ink drops are generated by a thermal 
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mechanism and on a Xerox 4020 color inkjet printer P(eroK Corp.. Fremont. CA 94538) by which the ink 
drops are generated by the vibratione of piezoelectric transducers. (See Tables 1. 2 and 3) 

EXAMPLE 9: (Magenta) 

A magenta Ink was prepared using the following procedure: 



INGREDIENT 


AMOUNT 




(parts by weight) 


Suntast^Magenta 122. presecake (52.8% solid. 


38 


Sun Chemk:al Corp., Cincinnati, OM 45232) 




Polymer obtained in Preparation 1 (25% 


40 


solution, neutralized by Procedure A) 




Die^ylene gtycol 


34 


Deionized water 


88 



The above-mentioned components were pra-mixed In a beaker as described in EKsmple 1 and then 
dispersed in a mini motormill 100 for 24 minutes uaing 0.75 mm glass beads at 4500 rpm motor speed. The 
resulting 10% fine pigment dispersion was fittered through a piece of 1 micron fitter cloth under slight 
vacuum. The finished dispersion has the toilowing physical characteristics: 





Visoosity: 


27 A cps (moasurod at 12 rpm) 




Surface tension: 


53.5 dyn«^cm 




pH: 


8.89 




Particle Siz&: 


158 nm 



The dispersion was let down wtth a mixture of diethylene glycol/water to give a 2% Ink In 10>90 ml^cture 
of ditrthylens gtycolAvatar for print test, TTie print tost was carrcad out in a XBrox®4020 color inkjat printer 
(Xerox Corp.. Fremont. CA 94538) by which the ink drops are generated by vitiations of piezoelectric 
transducers, (sea Tables 1 , 2 and 3) 

Table 1 



Oisporsion Stability 


Sample 


Before(nm) 


Aft6r(nm) 


Control 1 


98 


103 


Example 1 


187 


198 


Example 2 


110 


107 


Examples 


107 


108 


Example 4 


165 


162 


Example 5 


125 


118 


Example 6 


205 


211 


Example? 


153 


163 


Example 8 


184 


148 


Example 9 


158 


151 


Note: The disp8n5k>ns were subjected to four 70*C (4 hoursV^-20* C (4 hours} 
temperature cycbs. Tlie particlu size was measured on a Bruokhaven Bl-dO 
Particle Sizer (Brookhaven Instalments Corp.. Hdtsville. NY 1 1742). 



55 
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Table 2 





Print Quality Example Print Quality 


5 


Control 1 


Poor 




Example i 


Good 




Example 2 


Quud 




EKample 3 


Good 




Example 4 


Good 


10 


Example 5 


Good 




Example 6 


Good 




Example 7 


Good 




Example 8 


Good 




Example 9 


Good 


ts 

20 


(a) Print quality is detemnined on a Hewlett-Peckard Oes(<jet (Hevdett 
Packard, Palo AJto, CA) and/or a Xerox 4020 color «nkj9t printer pCerox 
Corp.. Fremonl. CA 94538) on various types of papers aitd films. 

(b) Poor means irregular printing with frequent missing dots aruJ 
spraying. Good means very small dots wHh sharp edges and uniform 
high density. 

(c) All samples had excellent light fastness, and good water ^d smear 
resistance. 
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Table 3 



Crusting Time 



90 


Sample 


Short Term (a) 


Long Term (b) 


RH/Temp. (c) 




Control 1 


GO 


70 


54^3 




Example 1 


eo 




71/22 




Exampio 2 


eo 


eo 


54/23 


J6 


Example 3 


GO 


90 


54/23 




Example 4 


60 


80 


54/23 




Example 5 


70 


180 


30/28 




Example B 


120 


300 


30/28 




Example 7 


GO 


300 


30/26 


40 


Example 8 


eo 


180 


30/26 




Example 9 


90 


300 


26/25 



(a) First misplaced dot 

(b) 5th misplaced dot 

(c) Crust lime was determined on a DeskJet printer which was aHered so that Ihe printing cartridge 
could not be primed (evacuated by vacuum) or allowed to spit into a spittoon prior to printing. 



50 



EXAMPLE 10 



A bloctt polymer was prepared u^ng the following procedure: 



PREPARATION 6: 

» A BMA'/MAA 10//10. Add Initiator. Add Block Rrst polymer was prepared using the following 
procedure: 

A 12-Uter flastc was equipped with a mechanical stirrer* thermometer. N2 Inlet, drying tutie outlet, and 
addition lunnals. Tetrahydroluran THF, 3750 gm. and p-xylene. 5.0 gm. was charged to ihe flash. The 
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catalyst tetrabutyt ammonium m-chtoroberuoate. 3 ml of a 1.0 M solution in acetonitrite. was than addad. 

tnttiator. 1.1-bid(trim6thylsik»cy)-2-meGiyl propane. 290.0 gm (1.25 M) was ir^ctad. Feed I [tetrabutyl 

ammonium m-chbrobonzoato, 3 ml of a 1.0 M solutton in acetonitrilo] was started and added ovor 150 

minutae. Feed II [trimettiylsilyl mathscrytate. 1975.0 gm (12.5M)] w&s started at O.Q minutes and added over 
5 50 minutes. Eighty minutes after Feed li v^as completed (over 99 % of the monomers had reacted). Feed ill 

[butyl methacrylate, 1770.0 gm (12.5 M) was started and added over 30 minutes. 

At 180 minutes. 780 gm of metltanol was addsd to tlie above soSution. It was refluxed for 120 minutiis. 

Then 5133 gm of solvent was stripped out while 2350 gm of i-prot»noi were added. TTus made a 

BMA//MAA 1 0//1 0 pdymer at 50 % sdids. 
f 0 The above block polymer was neutralized using the followirtg procedure: 

Procedure A: N,IM-Oimethyle^anolamirte 

The block polymer prepared above was neutralized (100 %) by adding the amine to the 

15 btock copolymer solution and mixing until a homogeneous solution was obtained, usually 2-3 hours. After 
neutralization, the material was reduced to approximately 25% solids with deionized water. 



INGREDIENT 


AMOUNT (QMS) 


BLOCK POLYMER 


102.5 


N.N DIMETHYLETHANOLAMINE 


21. 


DEIONIZED WATER 


102.5 


TOTAL 


52317 


Wr.% SOLIDS: 25 




pH: 8.4 





Procedure B: Potassium Hydroxide 

The BMA//MAA block polymer prepared above was neutralized (100%) by adding 15% aqueous 
potassium hydroxide solution to the block copolymer solution and mixing until a homogeneous solutton was 
obtained. After neutralization, the material was reduced to approximately 25% solids with deionized water. 



INGREDIENT 


AMOUr^ (GMS) 


BLOCK POLYMER 


102.5 


POTASSIUM HYDROXIDE (15% SOLUTION IN DEIONIZED WATER) 


88.9 


DEIONIZED WATER 


32.3 


TOTAL 




WT.% SOLIDS: 25 




pK 8.0 





45 

Example 1: (Black) 

Black inks wem prepared from a concentralfid disperson of Cartx>n Black FW-2C0 pigment. (Dagussa 
Corp.. Allendale. NJ) in water using a btock copolymer dtspersant The concentrated Cartoon Black f=W-200 
pigment disperston rn water which contofned 14% cart>on black soGds and 9.3% solids of a dispersant 
BMA//MAA (10^/10) copolymer neutralized with potassium hydroxide to a pH » 8.0 was prepared by adding 
the following ingrediems in tum to a beaker having magnetic bar stinring: 



ss 
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INQREOtENT 


AMOUNT (GMS) 






(p2irts by weight) 




Carbon Black FW-200 pigmsnt (Dagussa Corp., Allendale. NJ) 


14.0 


5 


Polynrter obtained in Preparation 1 (25% solution, neutralize by Procedure A) 


9.3 




Deiontzed water 


7«.7 



Stirring was continued for 10-15 nninutes until no lumps or dry clumps of pigment were visibla. The 
mixture was added to a mini motormlll 100 (Qger Machinery Inc.. Bensenvllle, IL 60103). (\/uning was carried 
out at 4500 r.p.m. After 5 minutes the pH was adjusted to 7.5-83 with potassium hydroidde. Milling was 
continued for 55 minutes at which tinr^e the p&ticte size was 167 nm as detarnritned on a Drookhaven BI-90 
Particle Sizer (Brookhaven Instalment Corp., Holtsville. NY 11742). The dispersion was filtered ttirough a 3M 
1 14A Liquid Filtor Bag (3M St. Paul, MN 551 44) undor vacuum. 

Black inks were prepared from the Carbon Black FW-200 ptgnr^ent dispersion prepared above by mixing 
the following ingredients and egitating for a 30 minute period. 



30 


INGREDIENT 


AMOUNT (QMS) (parts by weight) 


Sample 0 


1 (ad) 


2 


3 


4 




Water 


160 


im 


163 


183 




Diathylene glycol 


17.4 


17.4 


17. 


17.0 




Trtton® CF-21. (Rohm & Haas. Philadelphia. PA) 




5.0 








Aorosoto MA-60 (Amortcan Cyanamid, Linden, NJ) 






5.0 


2.5 


2B 


Aerosol o OT (75%) (American Cyanamcd, Linden. NJ) 






2.5 


1.25 




Cart>on Black FW-200 dispersion 


71.4 


71.4 


71.4 


71.4 



The Inks were evaluated in a Hewlett-'Packard Deskjet (Hewlett Packard, Palo Alto, OA) on Gilbert Bond 
Paper (25% cotton) designated style i057. (Mead Company, Dayton, OH). Results are shown In Table 4 
^ bekjw. 



TABLE 4 
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Sample No. 


Drying Time (seconds) 




1 (Control) 


Over 170 




2 


75 




3 


Less than 5.0 




4 


a 10 


40 







The wetting agent containing inks printed well and dried to fhe touch very r^idly when compared to the 
inks that did not contain the wetting agents. 

4s lExampie 2 

Cyan inks were prepared from a conoentrated dispersion of HeucophthaJ Blue GBT-583 (Cookson 
Pigmehls. W^yne. NJ) in water using a block copolymer dispersanU The concentrated Cyan pigment 
dispersion in water which corrtdned 15% Cyan pigment solids and a disparsant BMA/'MAA ICV/IO 
50 copolymer neutralized with potassium hydroxide to a pll ° 8.0 was prepared by adding the following 
ingredients in turn to a tweaker having a magnetic etining ban 
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INGREDIENT 


AMOUNT (GMS) 






(parts by weight) 




Haucophtrtal Blue GBT-5e3 


15 


5 


Pol/mer obtained in Preparation 1 (25% solution neutralized by Procedure b) 


15 




Datonlzed Water 


70 



Stirring was continued for 10-15 minutes until no lumps or dry clumps of pigment were visltsle. The 
mixture was added to a mini rrxrtormlil 100 (Elger Mactilnery Inc.. Bensenvllle. IL 60106). Milling was carried 
out at 4500 r.p.m. After 5 minutes the pH was adjustBd tn 7.5-8.5 with pntasslitm hydroxide. Milling was 
continued for 55 minutea at which tin^ the particle size was 100 nm aa determined on a Brookhaven GhSO 
Pertide SIzer (Brookhaven Instrument Corp.. HoKsville, NY 11742). The dispersion was filtered through a 3M 
114A Uquld Fitter Bag (3M 8t. Paul, MN 56144) under vacuum. 

A cyan ink was prepared from the Cyan pigment dtapersion prepared above by mixing the following 
Ingredients and agitating over a 30 minute p^tod: 



INGREDIENT 


ASS/IOUNT (GMS) (parts by weight) 


Cyan pigment disper»on 


66.7 


Oiethylene glycol 


23.5 


water 


137.3 


Triton© X-100 


1.5 g 



26 The wetting agent containing ink printed well and dried to the touch very rapidly when compared to the 
Ink that did not contain the wetUng agent. 

COalms 

39 1. In a thermal ink jet pigmented ink comprising an aqueous canier ntedium and particles of pignwnt 

stabilized by an AB or BAB block copolymer, the improvement wherein the ink contains an effective 
amount of a surfactant sufficient to decrease the drying time of the ink. 

2. The thermal ink jet pigmented Ink of claim 1 wherein the surfactant is anionic or non-kinic. 

35 

3. The thennal ink jet pigmented ink of claim 1 wherein the surfactant is present in an amount of from 
about 0.1% to about 10% of tho total ink oompositk)n. 

<1. The thermal ink jet pigmented ink of claim 1 wherein the surfactant is polyalkyleneoxtde modified 

40 polydlmethylsHoxana, potyethytene OMtde, octylphenoxy polyethoxy ethanol, dioctyt ester of sodium 
sulfosuccink: add, dihexyl esler of sodium aulfosiiccink: acid, or mifftiires Ihereof. 

5. A pigmented ink composing an aqueous canier medium end particles of pigment stabilized by an AB 
or BAB Uock copolymer and an effective amount of a surfaciani auffccient to decrease the drying time 
45 of the ink and wherein: 

(a) the A segment is a hydrophotsic homopolymer or copolymer of an acrylto monomer having the 
formula 

CH2=C<XXY> 

60 

wherein X is H or CH3: and Y is C(0)ORi, CfONRgRj, or CN. wherein Ri is en elkyl, eryl. or 
alkylaryl group having 1 to 20 cartoon atoms, and Rz and R3 are hydrogen or an alky I, aryl, or 
alkylaryl group having 1 to 9 carbon atoms; said A segmem having an average molecular weight of 
at least approximately 300 and being water insoluble: and 
55 (b) the B segment is a hydrophilk: polymer, or salt thereof, of 

(1) an acryftc monomer having the formula 

CH2 = C(X){Y'), 
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wherein X is H or CH3: and is C(0)OH, CCONFbRa. C(0)0R»NR2R3 or C(0)OF^; wherein Fb 
and R3 are hydrogen or an alky I. aryl, or aikylaryl (jroup having 1 to 9 carbon atoms; Bi. is an 
alkyi diradical having 1 to 5 carbon atoms; and Rs is an atkyl diradicaJ having 1 to 20 cart>on 
atoms and optionally containing one or more hydfoxyl or ether groups; or 
<2) a copolymer ot the acrylic monomer of (1) with an acrylic mononw having the tormula 

CH2=C0()(Y) 

where X and Y are the substltuent groups defined for said A segment; 
said B eegment having an average n^oiecular weight of at least approximately 300 and being water 
soluble, with the proviso that said B ssgment(s) constitute approximately 10 to 80% of said bbck 
copolymer, by weight. 

6. The pigmented ink of claim 5 wherein ttie surfactant is anionic or non-ionic. 

7. Tho pigmented ink ot claim 5 whorein the surfectant is present in an amount of from about 0.1% to 
about 10% of the total ink composition. 

8l The pigmented Ink of claim 5 wtwrein the surfactant Is potyalkyleneoxWe modified polydlmethylsilox* 
ane. polyethylene axicta. ontyiphenoxy polyethoxy ethanot. dioctyl ester of sodium sulfosucctnic acid, 
dihexyl ester of sodium suKosuoclnlc accd. or mixtures thereof. 

9l Tho pigmontod ink of dalm 5 wherein the A sogmeni of said block copdymor is a homopolymor or 
copolymer prepared from at least one monomer selected from the group consisting of methyl 
methacrylate, ethyl mefhacrylate, propyl methacrytate. butyl methacrylate. hexyl methecrylate, 2- 
ethylhexyl methacrylate, cctyl methacrylate. lauryl methacrylate. stearyl methacrylate. phenyl 
n^thacrylate, hydroxyethyl mefhacrylaite, hydroxypropyl methacrylate, Z-ethoxyethyl methacrylate, 
methacrylonltrile, 2*trimethyl8iloxyethyl methacrylate. glyckJyl methacrylate. p-tolyl methacrylate. sorbyl 
mothacryloto, ^^8thyl acrylato, othyl acryloto, pn>pyt ccryloto, butyl acrylate, hoxyl acrylato. 2-othylhexvl 
acrylate, octyl acrylate, lauryf acrylate, stearyl acrylate, phenyl acrylate, hydroxyethyl acrylate. hydrox- 
ypropyl acrylate acrytonitrile, 2-trimethylsiloxyethyl acrylate. glycklyl acrylate, p-tolyl acrylate, and 
sorbyl acrylate. 

10. The pigmented ink of claim 9 wherein the A seon^dnl ^^<^ block copolymer is a polymer of melhyl 
methacrylate. n-butyl methacrylate. or 2-ethylhexyl methacrylate. 

11. The pigmented ink of claim 10 wfwrein the A segment is a copolymer of methyl methacrylate and n- 
butyl methacrytate. 

12. The pigmented ink of claim S or 10 wherein the B segmenl of &id bkxk copolymer is a homopoiymer 
or copolymer prepared from at least one monomer selected from tfta group consisting of metfwcrylic 
ackl, acrylic actd, dimethyleminoethyl methacrylate. dtetfiylaminoethyl methacrylate, t-butylaminoothyl 
methacrylate. dimethytaminoethyl acrylate. diethylaminoethyl acrylate. dimelhylaminopropyl 
methacrylamide. methacrylamide. acrylamide. and dimethylacrylamide. 

13. The pigmented Ink of claim 5 or 10 wherein the D segnrtsnt of said block copolymer is a polymer of 
methacrylic ackl or dimethylaminoelhyl methacrylate. 

14. The pigmented ink of claim 5 wherein said ink contains approximataly 0.1 to 10% pigment. 0.1 to 20% 
block copolymer, end 70 to 89.B% aqueous canrier medium. 

15. The pigmented ink of daim U wherein sakJ ink contains approximately 0.1 to 5% pigment, 0.1 to 5% 
btock copolymer, and 90 to 89.8% aqueous carrier medium. 

16. The pigmented ink of claim 14 wherein the A segment of sacd bbck copolymer is a polymer of methyl 
methacrytate. butyl methacrylate. or 2-etiiylhexyl n^^acrylate and the B segment is a pdymer of 
methacrylic acki or dimethytaminoothyl methacrylate. 
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17. The pigmented ink of claim 5 or 14 wherein the B segmenKs) oonslitute apprommately 25 lo 65%. by 
yyetght. of said block copolymer. 

18. TTie pigmented mU of daim 5 or 14 wherein the A 6egnr>ent monomer is methyl metfiacrylate and ttie B 
s segment is a copolymer of methyl methacrylate and methacryltc acid. 

19. The ptgm«nted ink uf claim 5 or 14 wherein the A segmsnt monomer is 2'et^iylhexyt methacrylate and 
the B segment is a copolymer of 2-ethylhe)(yl methacrylate and methacryltc actd. 

10 20. The pigmented ink of claim 5 or 14 wherein the A segment monomer is n-butyl methacrylate and the B 
segment is a copolymer of n-butyl methacrylate and methacrylic acid. 

21. The pigmented inic of daim 5 or 14 wherein the A segmem monomer is ethylhsxyl methacrylate and 
the B segment is a copolymer of methyl methacrylate and methacryltc acid. 

fS 

22. The pigmented ink of claim 5 or 14 wlierein the A segment monomer is n-butyt methacrylate and the B 
segment is a copdymor of 2-hydroKYOthvl methacrylate and mothacrylic acid. 

23. The pigmented ink of claim 5 or 1 4 wherein the A segment monomer is n-butyl methacrylate and the B 
20 segment Is a copolymer of 2*hydroxyethyl n^thacrylatB and methacrylic add. 

2^. The pigmented ink of daim 5 or 1 4 wherein the A segment monomer is methyl methacryiate and the B 
segment is a copdymer of ethylhexyl methacrylate and nwthacrylic acid. 

85 25. The pigmented ink of claim 5 or 14 wherein the A segment monomer is butyl methacrylate and the B 
segment Is a copdymer of butyl methacrylate and dimethylamlnoethyl methacrylate. 

26. The pigmented ink of daim 5 wherein the aqueous carrier medium is a mixture of water and a 
polyhydhc alcohol. 

30 

27. The pigmented ink of daim 5 wherein the pigment particles have a size of approximately 0.01 to 5 
microns. 

2& The pigmented ink of claim 5 wherdn the surface tension is in the range of appmximately 30 to 70 
35 dyne/bm and the viscosity is in the rar^e of approximalely 1.0 lo 10.0 cP. 

29. The pigmented ink of daim 5 wherdn the noutrdiang agent for the B sogmont is selected from the 
group consisting of organic bases, alkanolamines, alkali metal hydroxides, and mixtures thereof. 

40 30. The pigmented Ink of daim 5 or 1 4 wherein the A segment monomer Is n-txftyl methacrylate and the B 
segment is a copdymer ol methyl methacrylate and melhascrylic acid. 
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1. Claims 1-4 : Thermal ink- jet pigmented ink 

2. Claims S-30: Pigmented ink 



